To assess the degree of fibrosis and the structural changes affecting parenchymal and extraparenchymal components in liver cirrhosis, a computerized morphometric model has been applied to liver specimens from patients with posthepatitic and alcoholic cirrhosis. All specimens have been stained with chromotrope-aniline blue method and monoclonal antibodies against cytokeratin 7, CD31, and VIII factor. Volume fractions of parenchymal compartment and fibrosis have been determined stereologically on CAB slices; moreover, volume fractions of portal bile ducts and proliferated bile ductules, hepatocytes with biliary metaplasia, capillary units, and vascular structures have been measured. Volume fraction of fibrosis was higher in alcoholic cirrhosis when compared with the case of posthepatitic cirrhosis. Volume fractions describing parenchymal compartment showed a similar trend in both viral groups. The main differences were related to immunohistochemical stainings. Volume fraction of hepatocytes with biliary metaplasia was higher in hepatitis C virus-related cirrhosis, whereas volume fractions of biliary structures were more prominent in hepatitis B virus-related cirrhosis. Capillary units were more prominent in posthepatitic cirrhosis than in alcoholic cirrhosis. Interestingly, both forms of posthepatitic cirrhosis show similar features when compared with alcoholic cirrhosis. Our computerized morphometric model well describes and quantifies the morphological alterations of the liver, and it could represent an adjunctive tool to evaluate the degree of dysplastic phenomena involving parenchymal and extraparenchymal components.
Liver cirrhosis is the common manifestation of chronic viral hepatitis, chronic autoimmune hepatitis, and alcoholic liver disease, according to a geographical distribution depending on the different etiologic factors (1) .
Cirrhosis is morphologically characterized by structural alterations of the liver parenchyma and microcirculation as a consequence of increased production and deposition of collagens (2, 3) . Normal liver cells are damaged and replaced by scar tissue, decreasing the amount of normal liver tissue; the loss of normal liver tissue leads to hepatic failure. The distortion of the normal liver structure by the scar tissue leads to nodular changes that could interfere with the flow of blood through the liver and could contribute to the development of portal hypertension in cirrhosis (4) . However, other authors have suggested that other factors, such as hepatocyte swelling and collagen in Disse space could be involved in the development of portal hypertension (5) .
Moreover, hepatocellular carcinoma is a frequent complication of cirrhosis from many etiologies, as a consequence of regenerative and dysplastic processes that involve an abnormal vascularization (6, 7) .
Quantitative investigation of the degree of fibrosis offers a clue for evaluation of the morphologic pattern and the progression of the inflammatory process and for the clinical staging of the patients (8, 9) .
The most reliable method to evaluate these alterations is liver biopsy (10) . Different methods of semiquantitative analysis have been applied to evaluate the degree of fibrosis (11, 12) . In our study, we developed a computer-aided morphometric model to describe and quantify the architectural changes in the cirrhotic liver by traditional histological techniques and immunohistochemistry.
We have applied our computerized morphometric model to different subsets of patients affected by viral and alcoholic cirrhosis to evaluate parenchymal, sinusoidal, and/or biliary variables that could provide a more detailed differential morphological description of pathological changes affecting cirrhotic liver.
PATIENTS AND METHODS
We randomly selected thirty-three surgically removed livers from 33 patients (23 men, 10 women) who underwent orthotopic liver transplantation (OLT) at Niguarda Hospital, Milan. The etiology of liver cirrhosis was respectively hepatitis B virus (HBV)-related in 9 patients, hepatitis C virus (HCV)-related in 11 patients, and alcoholic in 13 patients. Diagnosis of cirrhosis was based on standard serological assays, abnormal liver function tests, and liver biopsy. The mean duration of the cirrhosis before transplantation was 15 months (range, 14 -17 mo). Patients with a diagnosis of alcoholic cirrhosis have been abstinent for a period of 6 months before transplantation.
In patients affected by HCV-related cirrhosis, serum detection of HCV RNA has been performed by reverse transcription polymerase chain reaction (RT-PCR); in patients affected by HBV-related cirrhosis, quantitative assessment of HBV DNA levels has been performed by branched DNA assay (bDNA). In this regard, all patients affected by posthepatitic cirrhosis showed significant serum levels of HCV RNA and HBV DNA, respectively, in HCVand HBV-related cirrhosis. We excluded cirrhotic livers affected by hepatocellular carcinoma.
Patients' clinical data according to etiology of cirrhosis are listed in Table 1 .
Some 1-cm 3 blocks have been obtained from the VIII hepatic segment after liver recipient hepatectomy, then immediately fixed in 10% formalin and embedded in paraffin. For each case, only one block has been randomly selected. From the selected block, four consecutive sections 4 m in thickness have been obtained. For each block, one section has been stained with hematoxylin and eosin to confirm the diagnosis of liver cirrhosis.
To reduce as far as possible the variability between different stains in each case, four serial consecutive sections have been selected. For each section series, different staining methods have been applied:
• Chromotrope-aniline blue method (CAB trichromic assay) to assess the degree of fibrosis and the size of cirrhotic nodules (13) .
• Monoclonal antibodies against cytokeratin 7 (CK7). CK7 is a member of a group of waterinsoluble proteins that form monofilaments in the cytoskeleton of most epithelial tissues. CK7 is a basic cytokeratin that is found in most glandular epithelia and in transitional epithelia. Epithelium in the lung and breast are positive, whereas colon and prostate epithelial cells are negative. In normal liver, hepatocytes are negative, whereas bile duct epithelium is positive (14, 15) .
• Monoclonal antibodies against CD31, a specific and sensitive marker to detect capillary units that also stains arterial and venous endothelium. Capillary units have been defined as CD31-immunoreactive microvessels (16) .
• Monoclonal antibodies against VIII factor (FVIII) to detect large arterial and venous vessels. The antigen related to VIII factor is detectable inside the cytoplasm of the cells that line the lumen of all blood vessels, and therefore, it really is a sensitive marker for identifying endothelial cells (17) .
The morphometric analysis has been performed at two magnification levels by using in interactive approach a high-resolution computerized image analyzer (Kontron-Zeiss KS300). The image analyzer included a light microscope with a color video camera (JVC TK-C1381EG), a Pentium 200-MHz IBM-compatible computer (RAM, 64 megabytes). The software system, tailored to the research needs of our team, consisted of different programs to control interactively the scanning stage and auto-focus functions. Images acquired by video camera are displayed on the monitor. The analyzer automatically superimposes to each microscopic field different grids of points, included in a test area of 504 ϫ 504 pixels, allowing an evaluation of the stereological variables (18) . The observer can interactively apply techniques of enhancement for a better definition of parenchymal and vascular structures. It is also possible to exclude fields too damaged to be analyzed. An algorithm automatically controls the scanning stage operation to avoid duplicate measurements of the same structures. This way, an unbiased sampling is assured.
On CAB-stained slices at 2.5ϫ magnification, the size distribution and the number of cirrhotic nodules in unit volume were calculated. The image size of the microscopic field displayed on the monitor (standard resolution, 1024 ϫ 768 pixels) was about 80 times greater than the effective size of the sample. Because the size of nodules was always greater than the displayed microscopic field, a meander scan area corresponding to three contiguous fields in the X and Y directions (3 ϫ 3) was determined and automatically created by the computer.
The profile of each nodule entirely included in this scan area displayed on the monitor was manually outlined.
Moreover, volume fractions of parenchyma and nonparenchyma (fibrosis and portal triads) have been determined. These values represent reference volumes for parenchymal and extraparenchymal components evaluated at higher magnification.
Three-dimensional size distribution and mean diameter of cirrhotic nodules were derived by diameter analysis according to the Schwartz-Saltykov method (19), modified after De Hoff (20) . The area values were collected in a database for statistical analysis.
On CAB-stained slices at 40ϫ, volume fractions of hepatocytes (nuclei and cytoplasm), sinusoids, fibrosis, centrilobular veins, portal triads, and related structures (i.e., arteries, veins, bile ducts) were calculated. The overall magnification results from objective ϫ optovar factor ϫ digital videocamera factor (40 ϫ 1.2 ϫ 2.6). As a consequence, the side of each microscopic field is Х79.5 m. A total of 200 microscopic fields, systematically selected, was examined for each case, so to make a complete scanning of the sample.
For each case, the analyzed area therefore corresponded to~1.3 mm 2 . This area is considered a representative sample of the human liver (21) .
On immunostained sections at 40ϫ magnification, volume fractions of the different structures were calculated. Volumetric analysis was performed by differential point counting (22) .
Morphometric Model
The adopted model requires the determination of the following variables (23, 24, 25) : 1) CAB method: a) Low magnification Volume fractions (referred to the entire liver) occupied by: 
Statistical Analysis
Pentium III MHz computer (RAM 128 megabytes) and SPSS, Version 9.0 software were used for statistical analysis. For each parameter, a comparison among different etiologies has been performed by variance analysis followed by Scheffé posthoc test (26, 27 ). Figures 1 and 2 illustrate the distribution of the parenchymal and extraparenchymal compartments relative to the entire liver. Moreover, the percentage distribution of the subcomponents of both parenchymal and extraparenchymal compartments is shown. Figure 3 compares the size distribution of the cirrhotic nodules according to the etiology. This figure well describes the more "regular" distribution of the diameter classes of the nodules in alcoholic cirrhosis when compared with posthepatitic cirrhosis. Table 3 shows the morphometric variables evaluated on the different immunostains (i.e., FVIII, CyK7, CD31):
RESULTS
• The volume fraction of CD31 capillary units is 
DISCUSSION
Liver cirrhosis is characterized by hepatocellular, fibrotic, and microvascular changes that cause morphological alterations of the hepatic architecture, leading to functional derangement of the hepatic function (4). The histopathology of hepatic cirrhosis can resemble different patterns depending on the stage of disease progression (28, 29) . Another important point that needs to be stressed is the role of the etiology of the cirrhotic process. Viral (i.e., HBV or HCV related) and not viral (i.e., alcoholic) cirrhosis can differ not only with regard to the clinical outcome but also with a different histological pattern, resembling the influence of a persisting viral replication that in virusrelated cirrhosis can promote a continuous fibrogenic process.
Moreover, the structural alterations affecting lobular architecture and the regenerative activity of hepatocytes have been considered to play a key role for the occurrence of hepatocellular carcinoma (30) .
In our study, we have developed a morphometric model to investigate the parenchymal and extraparenchymal morphology of alcoholic cirrhosis and posthepatitic cirrhosis (HBV and HCV related). In this regard, we have applied both colorimetric staining by CAB trichrome, to evaluate the degree of fibrosis and architectural alterations involving liver parenchyma, and immunostainings to better identify and quantify the alterations related to vascular and biliary structures. The morphometric analysis on CAB trichrome stains showed that HBV-related cirrhosis is characterized by a higher mean diameter of cirrhotic nodules when compared with HCV and AC cirrhosis (Table 2) . Moreover, AC cirrhosis displays a more uniform distribution of the diameter classes of the cirrhotic nodules when compared with posthepatitic cirrhosis (Fig. 3) .
At low magnification, although AC shows a higher volume fraction of fibrosis when compared with posthepatitic cirrhosis, no statistical difference among etiologies has been found. This result has been confirmed at high magnification.
Previous studies (11, 12) have reported that the area of fibrosis (ratio of the collagen fibers to the area of entire liver tissue specimen) was significantly higher in hepatitis C patients than in hepatitis B patients as a consequence of the persistence of both necroinflammatory and virus-induced fibrotic reaction. These data correlated to the period of evolution from HCV-related chronic hepatitis to cirrhosis. The authors also showed that the histological characteristics of HCV-related cirrhosis are septal fibrosis with small regenerative nodules and moderate inflammatory reaction.
In this regard, all of our patients affected by HBVrelated cirrhosis had detectable serum levels of HBV DNA (bDNA assay). HBV presence and activity could result in sustained fibrogenic process, and these data can explain, at least in part, the apparent discrepancy between reported data and our results.
Morphometric variables describing parenchymal compartment show peculiar differences among alcoholic and posthepatitic cirrhosis (Figs. 1 and 2) . Volume fraction occupied by hepatocytes is lower in AC cirrhosis; moreover, HBV-and HCV-related cirrhosis show similar results. In contrast, volume fraction of sinusoids shows opposite results. With regard to extraparenchymal components, no significant difference has been found among groups; but it should be noted that both HBV-and HCV-related cirrhosis show the same trend ( Table 2) .
The morphometric analysis of immunostained specimens has evidenced some characteristic patterns of the different forms of cirrhosis (Table 3) .
The more interesting results are concerned with monoclonal antibodies against CK7. It is well known that CK7 is, in normal liver, restricted to bile duct cells. CK7 stains ducts and metaplastic cells that are not destroyed by inflammation in chronic active hepatitis.
Irrespective of the etiology, after a biliary obstruction, a variable number of hepatocytes at the periphery of the hepatic lobule express CK7 (15) . Moreover, longstanding cholestasis increases the bile ductules in the portal areas (31) . Interestingly, these CK7-positive hepatocytes maintain all morphological features of hepatocytes. These hepatocytes could be representative of a transitional cell stage, as a consequence of metaplastic phenomena involving both intrahepatic biliary epithelium and parenchymal hepatocytes. The periportal ductal metaplasia has been related to the persistence of hepatitis B virus in cells deriving from biliary metaplasia of infected hepatocytes (32) . It has been shown that both almost all proliferated bile ductules and some hepatocytes, especially those adjacent to bile ductules, show an altered expression of blood group antigens in any of the hepatobiliary diseases (33) .
In our study, morphometric analysis has evidenced a significantly higher volume fraction of CK7-positive hepatocytes in HCV-related cirrhosis. These cells are usually located at the periphery of hepatic lobules and near periportal fibrosis.
Hepatocellular carcinoma has been related to viral infections, heavy alcoholic liver disease, and hemochromatosis (34) . It could be hypothesized that the assessment of biliary metaplasia can be an adjunctive tool to evaluate the degree of dysplastic phenomena involving the liver in posthepatitic cirrhosis.
CK7 stains epithelial cells in both normal and newly formed bile ducts. Our results show a higher volume fraction of bile ducts (i.e., portal bile ducts and proliferated bile ductules) in HBV-related cirrhosis. These data correlate with volume fractions of fibrosis and hepatocytes previously measured by CAB analysis, and they could be related to a continuous fibrogenic process induced by viral proliferation.
Volume fractions measured by CD31, a specific and sensitive marker for capillary, are higher in HBV-related cirrhosis. As recently suggested, an increase in the number of capillary units during liver cirrhosis can be a useful clue for differential diagnosis between nodules with low-grade and highgrade dysplasia and hepatocellular carcinoma, where the extension of capillarization is upregulated (35) .
The analysis of volume fractions evaluated in FVIII-stained specimens did not show any significant difference between morphometric variables in the three groups, except volume fraction of the endothelium of hepatic veins. Although we have found slightly higher values in HCV group, the wide range of variability of these variables makes it difficult to come to any conclusion about these structures.
In conclusion, our morphometric model well describes the morphologic patterns of liver cirrhosis according to different etiologies. When considering parenchymal and fibrosis variables, both viralrelated cirrhoses show similar features when compared with AC. This trend is confirmed, at least in part, by immunostaining with monoclonal antibodies specifically directed against CK7 and CD31. HCV-related cirrhosis shows a higher volume fraction of CK7-positive hepatocytes, whereas ductal profiles are more represented in HBV-related cirrhosis. The number of capillary units, as documented by CD31, is higher in posthepatitic cirrhosis when compared with AC.
Computerized morphometry can be of value for quantifying the degree of liver fibrosis and both morphological and immunohistochemical alterations of parenchymal and extraparenchymal compartments in the cirrhotic liver that could be useful indicators in the histopathological assessment of the cirrhosis according to the different etiology.
